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Abstract: Nitrogen cycling associated with microorganisms is the most important biogeochemical process in eutrophic lakes. In this
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study, molecular biological techniques including quantitative PCR, PCR-DGGE, and high-throughput sequencing based on amoA
and 16S rRNA genes were used to assess the composition and community abundance of ammonia-oxidizing archaea (AOA) , ammo-
nia-oxidizing bacteria (AOB) , and nitrite-oxidizing bacteria (NOB) in freshwater and sediment samples of Lake Taihu collected
during autumn. The key environmental factors affecting the distribution of nitrifying microorganisms were further analyzed. Results
showed that the amoA gene abundance of AOA from the upper, middle, and bottom freshwater and surface sediment samples from
the mesotrophic Meiliang Bay was lower than those from the less eutrophic central lake and that the amoA gene abundance of AOB
from the mesotrophic Meiliang Bay was greater than those from the central lake. The AOA community composition in freshwater was
similar in both Meiliang Bay and the central lake, it was the same for AOA in the surface sediment, and the key factors affecting
AOA community abundance were nitrate, pH and dissolved oxygen contents, while the community abundance of AOB mainly af-
fected by total nitrogen content in sediments were proven to differ considerably between the two sites. The case was the same for
NOB with the key factor nitrite content. AOA of freshwater and surface sediments in Meiliang Bay and central lake included two
genera, Nitrosopumilis and Nitrosotalea. AOB of the surface sediment included Nitrosomonas and Nitrosospira. NOB of the surface
sediment included Nitrospina and Nitrospira, and Nitrospina was scarce in freshwater. The main environmental factors affecting the
abundance of AOA and AOB in Lake Taihu were TN, total phosphorus (TP ), and ammonium content. This study proved that the
eutrophication indexes (such as total nitrogen, total phosphorus, ammonium, nitrate and nitrite) have significant influences on the
abundance of AOA or AOB and community abundance of nitrifying microorganisms in both freshwater and sediments in Lake Taihu,
which may help the understanding of the nitrogen cycling in the Lake Taihu ecosystem.
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FPCRWIRE b AOA L AOB F1 NOB 4370 FIEYE 4 AN =E B WF 9 RIS [ B 8 27 Ak K S AR A Ryt By o
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1.1 HRRE

F 2015 4F 11 A 5 H 43 AR A Ib 30 G2 75 0000 IX 45 B B 1 N7 45, 43 B FRiE 4 HT(31°27'20"N,
120°11'23"E) \ET(31°17'22"N,120°10'56"E) (18] 1). /KAEREMAIAE HLBEE R &%, 730 R Z P2 R
JERAE 3B KR, BRRAEAIE Jy . HFRIE I X K1 0.53.1.03 F1 2.11 m Ab/K#E (43932 8 HT-U,
HT-M Fl HT-B) 3 .0 KK F 0.52,1.07 F1 2.18 m Ab7KEE (4351 R ET-U ET-M F1 ET-B). FHARR IR #E
K4 30 em WWEHARVURY) 16 2 D RAEIX 4 R4 3 AR RS A TR AL b, DU B35 75#1, B 0~ 2
em FJ2REARAE T KBS I ARG G B O, 47E UL B (43 364 HT-S F ET-S) . KA:
GO F R ARG T A T 128 17 5206 25 HEAT AL FRAN G, KEERAE)S 24 h NIE ST 0.22 wm WAL B
( Whatman GmbH , Germany ) 17 i , 38 % H T AR BRAL A AR 22 , U8 B AR 5 PR A7 AE - 80°C VKA I T 43 FAE W
2O AT RE S A BB, — 00 FH TR AR BRI 52 , — IR ATAE - 80°C HI T 43 FAE 2 4 i

31°30"+
31°20"+
31°10" 4
20 km
31°0" -
o RAE

119°50'  120°0°  120°10°  120°20'  120°30'
P 1 I KA FITRR P i R o R T

Fig.1 Sampling sites of water and sediment in Lake Taihu

1.2 KEFRARYIELIEIRHNE

ANRITREE KR IR EE (DO il pH A %5 BALHE b7 81 T 2 80K BT (YSI 6600 V2, USA) BN 7E ; K14
W TCHLA (4G NHS-N \NO;-N F1 NOS-N) ¥ B FI Ui 85143 Hr ¥ ( Skalar San Plus, Netherlands ) 5 ; 7K {445
% a(Chla) TP TN ¥ | S 5ABRERFE %L ( COD,,, ) gk B B (SD) M9 2 732 W SCRik[ 20].

DU A TEALER ] 2 mol/L KCL 3% 5:1(v/m) BY7K £ HEIRHE , 7 20°C .200 %/min 55 FHR% 1 h 5
T8, WML B I 5 7k RIS s VTR 28 187K 4% 2.5 11 (v/m) BY7K £ ELIR 3R 10 min If-#
H 30 min, R E R pH 11 (Mettler-Toledo ) I 2K pH {H ; TLAIY DO (I 2 2R %5 53 FE A% ( Unisense
Company , Denmark ) Jll € ; T4 TP TN 5 &ALk ( TOC) RO RE Ty %5 WSCHER[ 12,21].

1.3 /KEEFITFRH S DNA 2B

YUY 5 0E AR 55 DNA R F Fast DNA © SPIN Kit for soil (MP Biomedicals, USA ) i #) & #2 5t , EL{k
BAEJ S RIS SR BUS i 5 DNA /% T 100 wl TE 2% b #. DNA % B 140 B 3% 1] NanoDrop 2000
SAIEHEIE T Thermo Scientific, USA) MIAE , —20°C vKAH 474 1.

1.4 KEEFMTRYERHLMEYH I X ESE PCR
43 BILL Arch-amoA F/Arch-amoA R Fl amoA-1 F/amoA-2 R HBI#), R CFX96 Real-Time PCR Sys-
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tem( Bio-rad , USA ) LAY E 5 PCR {0M 2 KB S UL AL i 9 AOA 11 AOB amoA FERI A2, qPCR
MK Z N 20 ul,@fﬁ 10 I SYBR Premix Ex Taq( Takara, Shanghai, China) ETESI4 0.5 wl £ 2 ul i
ML, S IA I DKL E] 20 wl. qPCR S FEF ARV 95°C 3.0 min;95°C 30 s,55°C 20 s,
72°C 20 s JHFF 40 K, 83°C MR ; V4 i T 2R B2 ZE AL JE FEL R 65.0~95.0°C.. LA AOA Fl1 AOB amoA FE[H Y 41
JORLAE A b5 E DNA BAR, 430 L 10 6 B 7 A8 45 54, A of ot 26 vk B 38 B 49 301 o8 3.62x 107 ~ 3.62x 10°
copies/ wWl( AOA) F1 7.14x 10> ~ 7.14x 10° copies/wl (AOB). AOA F AOB (¥ 54 & R 43 W N 95.4% (R* =
0.997) 1 86.1% ( R*=0.986) . ZKIARFIVIAY 1 #Y NOB H{IE T4 R , I 345 5 NOB A4 5E HEF5E.
1.5 KEFMIRHE S AOCA B PCR-DGGE . ZENF R EHZXRE 51T

JHF DGGE B AOA amoA FEPH PCR 7*#1HY 5144 Arch-amoA F I Arch-amoA R. 50 pl PCR KR U455
wl FA 20 mmol/L Mg™ i 10xHotStar-Taq buffer 2.5 pl ANTP 2.5 U 9 HotStar-Tag polymerase ( Takara) ,0.5
pmol/L B E U5 A 1wl DNA B4R, 2K 3 WK E % 50 wl. AOA PCR R 2514: 94°C 5.0 min;
95%C 30 5,55%C 45 5,72%C 45 5,35 MEFF;72°C 7 min. 383 1.2% S5NE A 5E I B KR I PCR 3 384 5 S .
AOA amoA FEPIH) DGGE ST fifi FH 6% F4 58 TR 4 1 iz o6 Jie ), 25 P A6 J8E YL 1L oy 20% ~ 50% . FLIK A5 4
0.5XTAE ZEvhi,70 V HLJE,60°C HL 3K 16 h. HLJK 53 #7183 Deode Universal Mutation Detection System ( Bio-
Rad) S8 )5 , 2K SYBR Green I 444 (1:10000 FJH5 B A5 40) (Invitrogen, USA ) X 58 T 4 Tk e 258 Ji % €4, 30
min, ffi H Gel Doc XR+EEIL 5 7 55 ( Bio-rad ) #1745 HM A%,

FEEIMT T /NCIRE M) E] R DGGE B L AgS R 2% i T 30 l KWK A 5 , 4°C i
B BTl POl A DNA J VR AR E [F] R 4R 38 B DNA 3517 PCR 3784, PCR ¥ 38 {4 2 11 1o 4514
IR TR, PCR =¥Z I8 pEASY™-T1 Cloning Kit( TransGen , China ) 13 B 45 #EAT 78 . B> 555 BE AL b Bk &
H 5 AEH AOA amod B R B (B 50 ke , 04 52 b F3JE 171 /7 ( Genscript , Nanjing, China) .

JH DNASTAR JR P %o W0 757 485 SR 30647 2 4, 25 BR 201407 91 J5 FH BLAST £ GenBank £098 &  #8 22AHAUT
G, 35 TR R H AT A T amoA TIREILH P AT Z P51 Lo X, i H MEGA 4.1 # {4 LASE#21:
( Neighbor-Joining ) ¥ 2R 45 & #.
1.6 MARYIH S AOB 71 NOB B % = EHHr—EF A Miseq I

ARG K AEFTTER AR i AOA FEVE FRER AT amod ZEH Y PCR-DGGE AT 3K1%, i F#41
YURWIRE S AOB 55 NOB ZhREFLE F BEAIG, PCR 934 7= i JC I 5 /2 DGGE 4T , AR ST R 2T 168
rRNA JEF Y Miseq T3 Hr B AOB 5 NOB WRE S FRE. XTI 16S rRNA B V3-v4 XiE{T PCR
P14, 5198 338F (5'-ACTCCTACGGGAGGCAGCA-3") Fll 806R (5'-GGACTACHVGGGTWTCTAAT-3") , &4
RIS 5/ 360 barcode 5, R FIEEA FIAR R barcode FEFIHEAT X 4. BAMREA 3 ANTEE Rl —REA
(9 PCR F=WTRA 5 FH 2% SRS W R I FL TR AR, I AxyPrepDNA #E I [0 it 57 65 ( Axygen, USA) U1z [0 i
PCR 7=¥7, 75 QuantiFluor™ -ST 5 6,75¢ 7€ H R 4t ( Promega , USA ) BEATAG I % 1, 342 MR AF AN REZR (19 T )
TR BTN L RIR A . R Hlumina -5 AT SCREM R, B L SE 3 A=) 22 7 2R Tllumina Miseq 7712
HEATIUIT  Miseq I )5 25T resample Ab3E 7347 4 P 25 SEREAE T B2 | resample JF 51404 24000. Ff Usearch
(Version 7.1) X e B AT AL B 32 8 979% AR X HE T 51 (R & 28 51) #E4T OTU B3, 7E R 2K
LA AR, 153 OTU 1825, #)/ DNAman ¥ AOB #1 NOB B2 PEEF 5 97% AHBLE HY OTUs
FPAHEAT H X
1.7 S

SRR 7 22 5301 (Two-way ANOVA , Tukey 22 PG ) PEAL AN [R] SRR A5 55 SRABE T BE 43 1 K i 7K f
FRAEFE B 5% M) R 151 2206 BRAL AR HR (1 5 F 52 M 5 SR FH SR 5 224317 ( One-way ANOVA , Tukey £ [1#5)
TEAG R B (6] (022 55 5 SR BB ST REAS T30 b4 HT RBVIBR R BALIEFR S ET BB REXE R, R
FH Pearson AHIEAMTITAS KA 5 R BV AOA F1 AOB £ 5 & B IER TR, P<0.05 Fom A5
e, BB F D00 — PG KR 5 R 2 U AOA F1 AOB 218 K H U S ERBE N T 6 & IR 88
B AR i (P<0.05) . 2K Bio-rad image lab 4.1 A KR S R ZUIEH AOA amod FEH DGGE 447
P TEUFAR AT, DGGE 4571y B A7 B FIAR T 52 B 43 B R AR A W Fp 2 AR, 1% DGGE 3% 4y B A 45
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B FZUTEY F AOB 3 NOB 48 168 tRNA FE [RIAH X 22 5 5 BRES IR 7004732 45 [mF 4047, i 158 2 2 52 il
AR (P<0.05) . BT M 3T SPSS GEi 44 (SPSS, USA).

2 BREHM

21 BRES5HORKESTRAMAIELER

H 2 5.0 X KB TP TN NH;-N \NO;-N 1 NO,-N Fl DO K EHA B E LT (F 1), iR
JKAEH TP TN NH-N 1 NO;-N ¢ B 25 55 T.0 XK BE | 11 NOZ-N 1 DO ¥k i b % T .0 XK EE. 5B
A MR KRR RIER BEK R R TP TN A1 DO WRE WA 255, HRESTESIKE. HERFWIX R
[FIGRBE KA pH EE R E 2R (R 1) WHEF Z4P R, TP TN NH;-N NO;-N FI DO ¥ i I} & 3% %
FESFRBEIR B (52 0. S IRCOINE OKE) B BT 715 AT B AR E ) , WA 5 & ST S 5
& Chl.a TP \TN ,COD,, A1 SD, 713875 i M 2 125 3 X A O IX 25 B B SR RS F8 80 ( TLD 53 34 69 1 59, 43 5]
BT R BRI B S SR X .

MRS R)ZVIEW H TOC TP TN I NH;-N & i 38 5 T WO X, 1 NOS-N NO;-N & pH fil DO JG

WEES(E2).
1 KWK BEALFE BR BB TR 7 225347
Tab.1 Two-way ANOVA of physicochemical index of water in Lake Taihu
. TP/ TN/ NH}-N/ NO;-N/ NO3;-N/ . DO/

" (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) P (mg/L)
HT-U 0.20£0.02*  2.45£0.17*  0.14+0.03*  0.01£0.00*  0.19+0.02"  8.86+0.26*  12.21+0.34¢
HT-M 0.17£0.01"  2.18+0.17"  0.13£0.02*  0.01x0.00*°  0.18+0.01¢  8.66+0.21*  10.97x0.25¢
HT-B 0.14+0.02°  1.82+0.15° 0.11+0.01*  0.01£0.00"  0.15+0.01  8.61+0.20*  10.35+0.10°
ET-U 0.12+0.00°  1.24+0.07"  0.11£0.01°"  0.01£0.00"  0.57+0.02*  8.70+0.18*  14.26+0.26"
ET-M 0.11x0.00°  1.18+0.04'  0.10+0.01>  0.01x0.00"®  0.53x0.01>  8.63+0.23*  13.54x0.23"
ET-B 0.11£0.01¢  1.16+0.05'  0.07£0.00°  0.01£0.00"  0.47£0.03°  8.54+0.24*  12.61+0.10°

F value
RFER(S) 58.700 *** 262.911 *** 18.705 ** 19.217* 1324.733 *** 0.692 443 437 **
KEERIE (L) 8172 10.369 ** 4.629* 3.464 18.710 ™ 1.309 86.811 ™
SXL 6.728 " 9.794** 0.285 0.751 4.397* 0.133 1.856

* IR P<0.05, #% IR P<0.01, =0+ FIR P<0.001. KIAEIAFRFREUE N T HE R ERZE (n=3) , [F—31 LA RN
R FRRl ] ANOVA 7R 325 5 (P<0.05) .

2 RIUURY B AR bR SR AR T AR 4S

Tab.2 Independent sample-T test results of the physicochemical index of sediment in Lake Taihu

TOC/ TP/ TN/ NHj;-N/ NO3-N/ NO;-N/ DO/

Feh % (ke) (k) (mgke)  (mghke)  (mg/ke) pH (mg/L)

HT-S 2.08+0.07° 0.67+0.24* 1.35+0.02° 43.77£10.62° 3.47+1.04* 0.41£0.12* 7.77+0.12* 2.57+0.29"
ET-S 1.60+0.13"  0.56+0.27" 1.04+0.13" 17.71+2.27" 3.89+0.63* 0.30£0.03* 7.90+0.26* 3.50+0.22°

* [a]—4T FARAF/ING FhkFoR HT-S F1 ET-S b4 B2 R, T P<0.01,N=3.

22 IBEESMLRAESHAAYH AOA 5 AOB EEHNS R EFHH

HERTE W X KR R)Z R RURIZKEET AOA amoA F:FI K F B 7351 6.70x 107 (4.24x10° 1 1.60x 10
copies/ml, AOB amoA F& X %) 3 FE 451 R 1.96x10° 5.25x10° F 7.64x10* copies/ml; .0 X R Z  HEFE)Z
JKEEH AOA amoA FERFERESF K 1.54%10° 5.48x10° 1 7.69x10° copies/ml, AOB amoA H:[F (1= B 43 7|
1 2.18x10% 4.27x 10 1 5.81x 10° copies/ml (& 2). ] WL, HFi2 V5 ] XK R 2 A )2 R JZ K EEH AOA
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amoA FEH =F FE 43 KT 1.0 X, 1T AOB amoA DK =F 73 351 125 T 150,00 X MRS X 1 AOA/AOB FJE L
BERTHOX, BIXRZ HERIRZEKE D AOA/AOB FEE LB LT,

A T W DX A0 X 3R Z DU AOA amoA JEIH =E 55351k 4.63% 107 1 8.61x10° copies/g T4, AOB
amoA FEH EFE43 518 6.53% 107 Al 1.32x107 copies/g T 1. HFERIEWIX Y AOA/AOB T AR T-i).0 1X..

[ Jaos I Ao
45_
[034]  [o81] [2.09] [7.07] [12.83] [12.23 109 o7
4.0 b a E
3.5 8 -
] A ¢ cd BC
T 30- ¢ B . B BC I
A i A
8 8 6
225 C &
A A
§ 7 § 41
& 1.5 s
1.0 —- 24
0.5 ]
0 T T T T T 0 T
HT-U HT-M HT-B ET-U ET-M ET-B HT-S ET-S

B 2 KK AR AOA Fl AOB amoA FEPH - (J5HEH LT RIR AOA 5 AOB FE )
Fig.2 Abundance of AOA and AOB expressed as amoA copy numbers per milliliter in water and
per gram in sediment of Lake Taihu( The ratio of AOA to AOB were shown in the box above the chart)

B A HT R (£ 3) , KK AOA amod FEH E 5 TN MR &2 WM C (R =0.512,P<0.01) ,AOB
amoA BN FJE 5 TP NH-N He & &L 2 M 56 (R =0.407,P<0.05) ,AOA/AOB I 5 TP i JiF &2 W 2 1F
A3, 5 TN NH-N F1 DO ¥ 5 5 2 A6 (R* = 0.852, P<0.001) ; YUY AOA amod R FE S TN,
TP DO ¥REEH2 WA (R® =0.943,P<0.001) , VB AOB amoA JLH EFF 5 TN DO ¥R EE I 52 i 2 AHC
(R*=0.720,P<0.01) , JLFH AOA/AOB “ERE L5 TN ¥ JE 5L B35 57U ¢ (R? =0.370, P<0.05) . AT L 50K
WIKARFYTER o AOA F1 AOB #F7% 42 )8 1 i ZEFRBE N 72 TN TP 5 NH;-N.

% 3 B AT A S5 KR TR B AOA L AOB amoA R 32 B A 5 A R 5% K
Tab.3 Environmental factors passed through stepwise analysis to correlate with the

abundance of AOA and AOB amoA gene in water and sediment

(KA it A AR B R?
JKAK AOA TN 0.512
JKi& AOB TP NH}-N 0.407 *
JKIA& AOA/AOB TN .NH;-N TP DO 0.852
L2V AOA TN.TP .DO 0.943 ***
FIZUIFRY) AOB TN .DO 0.720 **
FIZVUY AOA/AOB TN 0.370*

* FEIR P<0.05, =% Fsn P<0.01, sk Fzn P<0.001.
23 HBRTEHORKESTRY T AOA B E AR

GRS 151 DX A0 X KRR 5 26 E VUL S i AOA amod JER4EAE 7 4% DGGE 4717 (OTU, & 3). 1
1, TH AOA-1.2 3 4 Z/KFERBTAAE LA 4671, TH AOA-5 .6 2 /K AR W ARAT 4531, TH AOA-7 2T
P e AT 2. RIS W, MR I DX XK BE AOA 1 DGGE i 31 S A — % , P X TTLAR
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AOA 1) DGGE il R AE— . M3 25 0 X A0 XKk 22 UTFR AL S b AOA BEVK 40 i 3k A AH )
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Fig.3 DGGE fingerprint of archaeal amoA gene within water and surface sediments in Lake Taihu
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Fig.4 Cluster analysis of DGGE fingerprint of archaeal amoA gene of water and surface sediments in Lake Taihu

SEREIN Y B RGERE TR (B 5) ,AOA amoA FERJFHI NI 434 3 25 TH AOA-1.2 F1 7 J& T Nitros-
opumilis(1.1a group ) , 5 /KK M ILF Y B9 AOA 352 K Z L ; TH AOA-4 J& F Nitrosophaera (1. 1b
group ) 5T AOA LR REGE. KEEFHA 75 TH AOA-5 Fl 6 J& T Nitrosotalea ( 1.1a-associated
group) 2 W TR KRS L3 B 5N 30 B Nitrosotalea devanaterra BAT il WSR2 5.
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Fig.5 Phylogenetic tree showing the relationship between the archeal amoA gene sequences obtained from DGGE bands

2.4 BRESHORITAYH AOB 1 NOB HEAMSFE

T 16S rRNA K Miseq il il 4 SRR W, KR ZUTEIARE S AOB B8 32 240 45 Al Ak 12 e
& ( Nitrosospira) FUEAE AL AT ( Nitrosomonas ) Wi g , HerPARE SRV W X K2 VTR Y T AOB BETE LLE il fk 42
JRERE S 3, HARNT R 97.54% 5 W00 X R Z TR Hh 0 A Ah B E B -5 S A 1 B B A X 3 3 4031 48.57%
H151.43% (18 6) . B BEFRAACEA [ A G235 W0 X A0 X R Z VTR T AOB BEVE - BEA I B 24 R

L T 077 Witz g,
s e B it il i
- AOB I . NOB

100 1 —% l 1007
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Fig.6 Relative abundance of ammonia-oxidizing and nitrite-oxidizing bacteria

16S rRNA gene sequences of the sediments in HT and ET sites

KWRJZTURYIAE R T NOB V& 32 260 15 i AL SR ( Nitrospira ) AL R ( Nitrospina ) PR , Mt
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T X5 .0 X SR B DU h A LA AL AR TR 2, 2 438 DX AR B P AR 2 B2 43501y 80.0% i1 90.0% ( &
6) . & EFRAACEAN R 4 BT X 0.0 X 3R Z DU NOB g £ A W i 22 5.
2.5 AOAAOB 5 NOB & FEESMEREFHEXES T
HT 5 ET REESUKHFIRIZUURY AOA KRIZUURY AOB 5 NOB fif ik 41 S5 FREE N 71 C R 3k

4. B BN, KRS TR A 463 AOA-1.2 FIUTAR M H5 A 4535 AOA-7 FITJB 14 Nitrosopumilis
(1.1a group) FJE FH 5 NO;-N &5 B EAC, KIKKEA 4447 AOA-5.6 FTJE B Nitrosotalea( 1.1a-associ-
ated group) FHFEY pH.DO e R B 2 EAN DG, RIZUIEW) T A LB ( Nitrosomonas ) V. AH AL IR B
( Nitrosospira) =B 5 TN W BE 5 1 FHH G, i ALAR R ( Nitrospira) FEALHIT ( Nitropina ) F=FE¥ 5 NO;-N W B
B REML.

%4 AOA,AOB 15 NOB B I SSRSEIA 7 935 G IE1 53 b

Tab.4 Stepwise regression analysis between AOA, AOB and NOB

community composition and the environmental factors

[RI AR ARG i R?

AOA ( Nitrosopumilis, DGGE band AOA-1.2.7) NO3-N 0.739 **
AOA ( Nitrosotalea, DGGE band AOA-5.6) pH.DO 0.439* 0.421™
AOB( Nitrosomonas , Nitrosospira ) TN 0.933 ™
NOB ( Nitrospira ,Nitropina ) NO3-N 0.666 **

ik 278 P<0.01.

3 iTtit

3.1 1R 5O XK E TR PR L E YRR E R B R F B INME I A F

AWFIEZ 0 MBI ST v B 7 A Y DR A 2 i) DX RN AR B B 3R A O XK AR 5 R B DR Y h
AL ) A R S AT 0 0 A TR A R = B A MRV I X5 0 XK BE T AOA VA 21 I
FEAARARL, W X 2R 2 TR AR T rh AOA FE % 2 ML IR FE A A BL, K f v AOA BV 4l il 5 R 2 U AR h
AOA HEVEHLA 2257 s MTBIIX FZ VIR T AOB 5 NOB fE F R A I R 22 57

K2 AR RZVURY AOA amoA JFHJE T TAZSHE 1.1a group F1HHEH FEZSEE 1.1b group,
ESE T KU R 3RAF A KB4 AOA amoA J351 5 + HERNEFE IR 1 AOA amoA JF A4 11 K
WAEH AOA amoA 3 & T /K A8 L ESSHE 1. 1a-associated group , W g5 LR R AT 5. B WA/ Hr 4t 3
2 | Nitrosopumilis (1.1a group) £ £ 5 NO;-N 2 5 IEM S, UL Nitrosopumilis 7] LA 3 8 R EE A9 AR
2, Nitrosotalea( 1.1a-associated group) & F# 5 pH DO & g & 1EH5E, DO E 8 & A0 I i 4 J2: 52 1 7K
TR AT DR A 0 B = B I B2 PR 25 pHL RB I I 5 i 2 A AL S R IC ) A2 TR S W S5 ok
BN amoA SEDRUA: M REVE AL S

IR SRV R0 X R Z TR AOB T 3 860,435 WV AW 140 988 B R Vi 1 B M B8 P K. A Ak
SR I T BRI A IR K A 2R S R e LAY 2 il AOBT™> 2 o3 B 8 % Ak O M 2 1B IX 3 J2 LR
Y1 AOB P34 B A AN IR BT, Xing 552 A0 A HHDUF 78 45 5. M5 10 X 3 2 OB Hh I Al A R B A AR =
JESE 1R T DX, BB A TR KT IR R AT, Sl A R AR X =5 B TR B 5 7R 8 FR A 0 X 3R Z VTR
rv SIS P B8R T R A A B T B B T, U A R T T B L IV b P B T T N B R KO A i
REE, B M g5 R, KR Z VTR TN &2 &0 AOB BHEFE . TR h &8 mT LI
HAPLENT AL, 7467 4 B 202 A A AR B R W R R AU W Y B RE B R IR, IR TN Ik B2 7T L)
P AL E s ORISR AOA K AOB IR AL S .

R VS 3] DX R0 IX R R U o NOB. S BEALHE i AL AR TR RN FL 0 D PR |, 76 K Hh ke B
PRI IR K1 E A0 WL NOB. Al PE TR B 22 DL 1 P BREE 30 B A B AU M ER T SR B v AR 1 R
W PR REA 1A B AR B T R Fh R M X T S 2 g gt 2 R AR I R AE L RO X R B VTR
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KB 54.35% BYTEALHITE A Candidatus Nitrotoga arctica DQ839562.1( BLAST identity 2800 95% ) , 1% it &
R FREEIE AT TE 10~ 17°C I IRBE g s 46 KRR B IR LKOT-RERS S R 2 DU h NOB I REE £ 1,
0 X RS2 TR v i F0 W TR 109 BU ) o8 TR TS T I B A A T 4 SR SR WA, /R S NOB i 4k (4 52 57 JiE 4
NO;-N, H 5 B2 0 NOB BES 8 M E BN £,

3.2 1R 50O X AKEFTRY F AOA 5 AOB F E 4 % HIFAE 220 B F

WFFE R RACOK R FNITR) b & AR Y 3 BE R0 38 3 % NH-N TN JEHLER DO \pH i B 45 (A
F S RS B KR AOA FREE TN RS B EANSE, AOB FE 5 TP NH-N W 5 5
FAG RIZUIHW) AOA FHE5 TN TP F1 DO WREEH &2 B E A, AOB F£ 5 TN DO kB 2 B EHHC. R
PESCHR Y HOE MoK IR TR h R TP Sk 2 AOA A B E M A T, TR I T AOA EHM 4
P M RIBHE R, 40 Nitrosospira S 75 AL B 6~ R SEURH A4 781285 S5 M T PO BT A ) i IR0

KA AOA/AOB FFF AN E R EA TN NH,-N TP Fil DO,2 MMIX I KFEM 2 FAHY TN NH]-N,
TP F1 DO {H#R 2 T FEaF, KW AOB TEIE G 7E M A W B0 B IR IR T A 1K 1T AOA TH & B7EA X Ik
R ARBR B B SRR RS SRR B PN U A A R ARSI T , AOA 1 5 A AR W 55 4 RS
) NH;-N B 58 e Xt gt 3. Rk, 78 NH, 3 EERAR 0 508 FR Kb AOA E i = F AOB. AOA/AOB E
S L AE KR T A 2B T 0 A0 25 5 5 EA D AR TR R 6, AOA [ IZ s/ A T | 13 DU A B vh &g
A S BARIR B T AT N B R PR B KR — AN ERZ WA, B KRR R R UUR A B L
YIRS, SR RERS A A S e T MK A 2 32 OB R L Rk R M B R, DO EARHE T
[, AOA 7 DO {EFAR AR 27K fAe BT ELfE #.

A GV W X A0 X SR E DRI AOA/AOB I LLR 43511 0.71 F1 65.26 , A BRI X 2R 2 GUAY)
AOB B HA# W0 X MAH I, 5K AOA 5 AOB 43 A A EEA — B L4555 Hou 251 pyAHAL, 1B
5 Wu 55 2VR Zeng S LS RA 25 0T RER R TORBEI 1] 5 20 AR 51 A 4 W X B R SRR 22
T . AFSE RN ZR I 22 U0 AOA amoA FERZERE () EE RN ZEA TN TP Hl DO, & Z UMK
) AOB amoA FHEH=E 1 FEH KA TN 1 DO, ML ZTTFY AOA/AOB F 4 Hiy EZFEA TN, Ui
S BRI A S 1 B R OB v A A R A R RN R el R sk — L

4 #£ig

A BB FR LT8R (TN TP NH}-N NO;-N 1 NO;-N 25 ) J2 5 0 K W 4 52 25 0900 0 IX K AR R RR ) vh
AOA X AOB =R LI AN LA iRk F BB N R, PEEERNRREHXER P RKESHRE
DUBUIRE 5L AOB FRE =T AOA B B B FRAL I 0 ROK K 5 R Z VTR i AOA F /5T AOB. 1§
RV X A0 X KRE Th AOA BF & 4 LA AH AL, 2 TR AR T AOA BF V& 4 I JE A AH AL, /K 14 vh
AOA FFEH S RIZVIRY T AOA FHIEAH LA 22 57 M A2 VS M IX AOB DL #4558 A WA AL SR E 7T, 18300 X 1Y
il P M T 5 T B 7 ) = A ] BT IX. NOB 35 IR IR o &=, WP R & B LR
RN AR VS RN DK AR BLUTAR ) TP A BUE W R BRI £ A Tam TR RMAESREA
RGBT et .
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